The generation of 4-, 5-, and 6-methoxy-3-indolylzinc chlorides 3a-c and their Pd(0)-catalyzed cross-coupling reactions with 2-halopyridines to give 4-, 5-, and 6-methoxy substituted 2-(2-pyridyl)indoles 4a-c is reported. 2-(2-Pyridyl)indole 8 is converted to indolo[2,3-a]quinolizidine 15. The key step is the regioselective cyclization on the indole 3-position of a thionium ion generated by Pummerer reaction from an appropriately substituted 2-(2-piperidyl)indole.
Introduction
The indolo [2,3-a] quinolizidine ring system is often embedded in the structure of many naturally occurring compounds exhibiting a wide range of biological activities. 1 Although at the present time there is a plethora of synthetic strategies for the elaboration of indoloquinolizidine derivatives, most approaches have relied on the generation of the C 12a -C 12b bond from appropriate N- [2-(3-indolyl) ethyl]piperidines or the elaboration of the piperidine D ring in the last steps of the synthesis.
2
In previous works 3 we have reported the preparation of 2-(2-pyridyl)indoles by Pd(0)-catalyzed cross-coupling 4 of 1-(benzenesulfonyl)-2-indolylzinc chloride and a variety of 2-chloro-and 2-bromopyridines bearing substituents of different electronic nature, and we have explored a procedure for their conversion into indoloquinolizidine derivatives. 3a,5 This approach involves the formation of the C 7 -C 7a bond by intramolecular alkylation of the indole 3-position from a 2-(2-piperidyl)indole as the key step, a transformation for which no efficient methods had been described at the beginning of our studies. In this paper we report the generation of 4-, 5-, and 6- 
Results and Discussion
The required 4-, 5-, and 6-methoxyindoles 1a-c were prepared by the procedure of Batcho and Leimgruber, 7 from the corresponding methylnitroanisole derivatives. A subsequent sulfonylation was carried out under phase-transfer conditions 8 to give the protected methoxyindoles 2a-c in excellent yields. Regioselective litiation of 2a-c with LDA, followed by transmetalation with anhydrous ZnCl 2 afforded 2-indolylzinc chlorides 3a-c, which were allowed to react with 2-bromo-4-methylpyridine in the presence of Pd(0) in refluxing THF. The best conditions were found to be the use of 0.1 equivalent of Pd(PPh 3 ) 4 with respect to the 2-halopyridine. In this manner, methoxy-2-(2-pyridyl)indoles 4a-c were isolated in 64%, 65%, and 80% yield, respectively. Finally, the deprotected methoxy-2-(2-pyridyl)indoles 5a-c were obtained in good yields by treatment of 4a-c under alkaline conditions. The new methoxy substituted 2-indolylzinc halides 3a-c reported here can be useful intermediates for the synthesis of indole derivatives. 
Scheme 1
On the other hand, as an extension of our previous work on the use of the Pummerer 9 reaction in electrophilic cyclizations on the indole 3-position, 3a,10 we describe here the synthesis of indoloquinolizidine 15 from pyridylindole 9. This compound was prepared in 85% overall yield by palladium(0)-catalyzed cross-coupling reaction of 2-indolylzinc chloride 7 and methyl 2-chloropyridine-4-carboxylate, followed by alkaline hydrolysis of the resulting protected pyridylindole 8 and reesterification of the corresponding acid. As expected, catalytic hydrogenation of 9 stereoselectively afforded the 2,4-cis indolylpiperidine 10. Incorporation of the (phenylsulfinyl)ethyl chain on the piperidine nitrogen was carried out by refluxing a methanolic solution of 10 and phenyl vinyl sulfoxide. In this way, compound 11 was obtained in 89% yield as a mixture of isomers at the sulfur atom. In previous studies 3a we concluded that protection of the indole nitrogen with an electron-withdrawing group constitutes an essential requirement for the success of the closure of the indoloquinolizidine C ring by electrophilic attack on the indole 3-position of a thionium ion generated by the Pummerer reaction. General procedure for the preparation of protected methoxyindoles 2a-c Tetrabutylammonium hydrogen sulfate (27 mg, 78 mmol) and a 50% aqueous NaOH solution (8 mL) were added to a vigorously stirred solution of 1a-c (1.0 g, 6.8 mmol) in benzene (20 mL). After 5 min, a solution of benzenesulfonyl chloride (1.3 mL, 10.2 mmol) in benzene (10 mL) was added, and the mixture was stirred at room temperature overnight. The benzene layer was separated, washed with water, dried, and concentrated to give, after flash chromatography (3:2 CH 2 Cl 2 :hexane), compounds 2a-c. 55.7, 97.9, 109.1, 112.5, 124.4, 125.0, 125.1, 126.6 (2 C), 129.1 (2 C), 133.7, 135.9, 138.3, 157.9 .
1-(Benzenesulfonyl)-4-methoxyindole (2a
General procedure for the preparation of methoxy-2-(2-pyridyl)indoles 4a-c A solution of LDA (1.34 mL of a 1.5 M solution in cyclohexane, 2.0 mmol) was slowly added to a solution of indoles 2a-c (500 mg, 1.83 mmol) in anhydrous THF (3 mL) at 0 ºC, and the resulting mixture was stirred for 30 min at this temperature. Then, a solution of anhydrous ZnCl 2 (330 mg, 2.0 mmol) in THF (4.5 mL) was added, and the stirring was continued for 30 min at 25 ºC. In a separate flask, a solution of 2-bromo-4-methylpyridine (210 mg, 1.22 mmol) in anhydrous THF (1.5 mL) was added to a solution of tetrakis(triphenylphosphine)palladium(0) (141 mg, 0.12 mmol) in THF (4.5 mL), and the mixture was stirred at 25 ºC for 10 min. The resulting solution was transferred via canula to the solution of methoxyindolylzinc chloride 3a-c prepared above and the mixture was heated at reflux for 4 h, cooled, and poured into saturated aqueous Na 2 CO 3 . The aqueous phase was extracted with Et 2 O, and the organic extracts were concentrated to give a residue, which was purified by flash chromatography (CH 2 Cl 2 ). 55.8, 100.7, 113.4, 115.1, 121.7, 123.8, 124.2, 126.8, 126 .9 (2 C), 128.5 (2 C), 133. 5, 137.0, 139.4, 140.1, 146.4, 148.5, 151.2, 158.3 .
1-(Benzenesulfonyl)-4-methoxy-2-(4-methyl-2-pyridyl)indole (4a
General procedure for the preparation of methoxy-2-(2-pyridyl)indoles 5a-c A solution of compounds 4a-c (250 mg, 0.66 mmol) in EtOH (40 mL) and 10% aqueous NaOH (4 mL) was heated at reflux for 12 h. The resulting mixture was concentrated, and the residue was dissolved in CH 2 Cl 2 (15 mL). The organic solution was washed with water and aqueous Na 2 CO 3 , dried, concentrated, and the resulting residue was purified by flash chromatography (CH 2 Cl 2 ). 115.8, 116.3, 121.4, 122.0, 124.4, 125.4, 125.5, 128.4, 129.2 (2 C), 130.3, 136.9, 138.2, 140.2, 149.5, 152.5, 163.5, 165.3; Anal. Calcd for C 22 H 18 N 2 O 5 S: C, 62.55; H, 4.30; N, 6.63; S, 7.59. Found: C, 62.23; H, 4.18; N, 6.46; S, 7.60 .
4-Methoxy-2-(4-methyl-2-pyridyl)indole (5a

Methyl 2-(2-indolyl)pyridine-4-carboxylate (9).
A solution of compound 8 (1.8 g, 4.27 mmol) in EtOH (200 mL) and 10% aqueous NaOH (25 mL) was heated at reflux for 12 h, cooled, concentrated, and the residue treated with 10% aqueous H 2 SO 4 (10 mL). The resulting precipitate was filtered, washed with water, and dried to give acid 2-(2-indolyl)pyridine- 123.0, 128.6, 136.7, 137.7, 139.5, 150.6, 151.7, 166.5 ; Anal. Calcd for C 14 H 10 N 2 O 2 ·1/2 H 2 O: C, 68.01; H, 4.48; N, 11.33. Found: C, 68.36; H, 4.05; N, 11.33. A 119.3, 120.2, 120.7, 121.3, 123.5, 128.9, 135.9, 136.7, 137.9, 149.7, 151.3, 165.4 6, 35.1, 41.7, 45.9, 51.7, 54.3, 98.6, 110.7, 119.5, 120.2, 121.5, 127.9, 135.6, 140.7, 175 (1.57 g, 89%) . Major epimer (1,15 g, higher 13 (ddd, J = 13.1, 9.7, 7.7 Hz, 1H), 3.34 (dt, J = 11.5, 3.3 Hz, 1H), 3.58 (dd, J = 11.4, 2.9 Hz, 1H), 3.66 (s, 3H), 6.32 (s, 1H), 7.06 (ddd, J = 8.0, 7.0, 1.0 Hz, 1H), 7.15 (ddd, J = 8.0, 7.0, 1, 0 Hz, 1H), 7H), 9.96 (s, 1H) ; 13 C NMR (CDCl 3 , 75.4 MHz): δ 27.8, 37.7, 41.6, 47.1, 51.3, 51.7, 54.8, 61.5, 100.2, 111.7, 119.3, 119.7, 121.3, 124.0, 128.1, 129.2 (2 C), 130.9, 136.7, 140.1, 143.9, 174.7; Anal. Calcd for C 23 H 26 N 2 O 3 S: C, 67.29; H, 6.38; N, 6.82; S, 7.81. Found: C, 67.19; H, 6.54; N, 6.78; S, 7.65. Minor isomer (0.42 g, lower 6, 35.6, 41.3, 48.1, 51.7, 52.8, 54.8, 61.0, 100.8, 111.3, 119.5, 120.1, 121.6, 123.7 (2 C), 127.9, 128.9 (2 C), 130.7, 136.2, 139.3, 143.3, 174.8 2, 34.3, 41.6, 45.9, 51.6, 52.7, 55.4, 58.8, 84.2, 107.9, 115.3, 120.5, 122.6, 123.5 (2 C), 123.7, 128.8 (2 C), 130.5, 136.2, 142.4, 143.7, 150.3, 174.8 1, 31.7, 38.0, 46.0, 47.6, 50.8, 54.7, 107.3, 116.3, 120.4, 124.0, 124.0 (2 C), 124.8, 129.2 (2 C), 131.0, 133.4, 134.5, 143.8, 171.7 6.55; N, 6.74; S, 7.72. Found: C, 69.09; H, 6.42; N, 6.77; S, 7.82 . Methyl cis-12-(tert-Butoxycarbonyl)-7-(phenylsulfanyl)indolo[2,3-a]quinolizidine-2-carboxylate (13). TMSOTf (305 µL, 1.7 mmol) was added to a solution of sulfoxide 12 (190 mg, 0.37 mmol, mixture of epimers) and DIPEA (300 µL, 1.7 mmol) in anhydrous CH 2 Cl 2 (1.5 mL), and the mixture was stirred at 25 ºC for 15 min. The solution was poured into aqueous NaHCO 3 , and the aqueous layer was extracted with CH 2 Cl 2 . The combined organic extracts were dried and concentrated to afford a residue, which, after chromatography (1:1 AcOEt:hexane), gave two epimeric indoloquinolizidines 13 (155 mg, 84%). Higher Rf epimer (α-SC 6 9, 28.2, 41.8, 42.5, 50.1, 51.7, 53.9, 56.2, 84.2, 114.3, 115.8, 119.0, 122.8, 124.3, 127.1, 127.8, 129 .0 (2 C), 131.9 (2 C), 136.0, 136.6, 138.4, 149.8, 174.9 
